It is well known that some forms of mercury compounds were accumulated in the fish and shellfish in Minamata Bay, and their abundant ingestion induced Minamata disease in inhabitants (Irukayama et al., 1961 (Irukayama et al., , 1962 . It was also made clear that symptoms of the disease and pathological findings of the brain after autopsy closely resemble those of the organic mercury poisoning, previously reported by Hunter and Russel (1954) . During study on fine structure of the gill tissue of the shellfish, obtained from Minamata Bay, crystalline or dense inclusions were found in mitochondria of the ciliary epithelial cell. Although such crystalline or paracrystalline mitochondrial inclusions have repeatedly been observed in normal or diseased men and animals (reference to Table 1), there has been no report in regard to their appearance in the shellfish gill epithelial cell. As far as the Minamata disease is ,concerned, the appearance of mitochondrial inclusions might represent a response of the respiratory cell organelle against the pathological stimuli of organic mercury.
Materials and Methods
Small pieces of the gill tissue of the shellfish Hormomya mutabilis Gould, obtained from Minamata Bay, Kumamoto Prefecture, were fixed with 2.5% glutaraldehyde at 4C for 30 minutes, and then with 2% osmium tetroxide for 60 minutes.
Each fixative was adjusted to pH 7.4 with Sorensen's phosphate buffer.
The specimens fixed were dehydrated in a series of increasing concentration of ethanol and embedded in epoxy Epon resin.
Thin sections were cut on a Leitz Ultramikrotom using glass knives.
They were mounted on specimen grids without the coating film, and stained with aqueous uranyl acetate followed by lead citrate.
The fine structure was examined with a Hitachi electron microscope, model HU-11A, operated at 100 kv.
Observations
Epithelium of the ciliary disc of the gill is characterized by the presence of two kinds of the cells, one of which is composed of the clear matrix and provided with numerous cilia, while the other possesses a rather dense matrix, mainly with numerous microvilli, and contains only a few ciliary apparatuses.
Many mitochondria. containing dense inclusions are encountered in the both cells. Glycogen granules, 80 to 120 A in diameter, are found dispersed in the cytoplasm of the both cells, but there is a tendency that the granules are larger in amount in the dark cells than in the clear ones. The ciliary basal bodies, rootlets with a banded structure, a few Golgi apparatuses and fine agranular vesicles are often encountered in the dark cell cytoplasm.
The nucleus is roughly round or oval in shape and large in volume against the cytoplasm, being generally situated at the base of cell and containing a small amount of the chromatin elements ( Figs. 1 and 2) .
At higher magnification, the mitochondria' inclusions are not delineated by a limiting membrane, and are differentiated into two types according to their fine structure.
The first type is filled up with the dense lines, which run in parallel to one another, each measuring 50 A in diameter and being separated from each other at a distance (center to center of the adjacent lines) of 100 A (Figs. 3 and 4). The other type is homogeneously dense, without showing any structure under the present electron microscope, measuring approximately 220 x 220 mp in the square shape or 120 x 200 mp in the rectangular shape (Figs. 5-7). All of the inclusions have no relationship with the cristae mitochondriales, but sometimes they come in contact with the inner layer of the limiting membrane (Fig. 4) . The cristae are in general decreased in number, and a few cristae are irregularly arranged. Mitochondria' dense granules have never been observed (Figs. 3-7).
Discussion
Epithelial cells of ciliary disc of the shellfish gill have differentiated into two types : one of which is dense in matrix and provided mainly with microvilli, while the other is relatively clear in matrix and with numerous cilia. These two kinds of cells were found to contain numerous mitochondria with crystalline or dense inclusions. The rat liver mitochondria have been reported to contain 35% of the total cellular lipid and that 93% of the mitochondrial lipid is phospholipid (Long, 1961) . It was observed further that phospholipids have the capacity to form crystal-like structure under hydration. Therefore, it appears very likely that changes of the state of hydration in the epithelial cells, or in their mitochondria, might be accompanied by crystallization of mitochondrial phospholipid, as already described by Svoboda and Manning (1963) .
On the other hand, the presence of crystals in mitochondria might be regarded as a result of the excessive synthesis of phospholipid (Kuyper, 1962) , or as the unmasking of mitochondrial phospholipid resulting from disintegration or autolysis of the intrarnitochondrial components (Cedergren, 1957 : Duncan and Hild, 1960) .
Recently, in about 100 cases of serum hepatitis during the past several years (Yasuzumi, 1970) , some dark cells of human hepatocytes were observed to contain numerous mitochondria, being different in size, shape and density.
Mitochondria of large size, giant mitochondria, appeared to possess inclusions, consisting of stacks of the parallel-arranged filamentous elements or of clusters of the dense particles in a hexagonal array : the filamentous elements were revealed to be made up of nucleic acids. In these hepatitis cases, the inclusions appeared filling almost the mitochondrial matrix, while the present materials showed one or two inclusions localized in a part of the matrix. Consequently, the morphological and cytochemical components constituting the present inclusion seem to be different from those in serum hepatitis. In the present materials, formation of the crystalline inclusions was traced on the morphological basis : detailed examinations of the inclusions have suggested that they were derived, at least partially , from the inner layer of limiting membrane.
Mitochondria containing such inclusions frequently showed diminution in the number of cristae mitochondriales.
The presence of inclusions did not indicate death, since they were very frequently found in those cells that showed no obvious degenerating changes in the remaining mitochondria or in other cell organelles.
Since the crystalline mitochondrial inclusions were often found in acute and chronic diseases, intoxication and others (Table 1) , they are regarded as a part of the spectrum of pathological responses of the cell organelle to altered chemical or physical environments .
The globular appearance of mitochondrial inclusions was not observed in the present material.
Consequently, the linear pattern is possibly the result of sectioning of a basic membrane structure . Dense appearance of the inclusions may be the result of tangential sectioning through the surface of membrane.
This problem has been lately discussed in detail (Oura et al., 1972) . It is concluded that the crystalline inclusions appearing in the mitochondria of the gill epithelial cells of the shellfish in Minamata Bay may be related to alterations in the hydration state of epithelial cells or to disordered phospholipid metabolism in mitochondria. They do not probably represent any specific degenerative phenomenon.
Summary
In an electron microscope study of the gill tissue of shellfish Hormomya mutabilis Gould obtained from Minamata Bay, Kumamoto Prefecture, parallel-arranged crystalline and homogeneously dense inclusions were found in mitochondria appearing in the epithelial cells. The ultrastructure of such inclusions and possible functions were discussed. 
